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Abstract

This study investigates the influence of prosodic boundary strength on voice onset time (VOT) in the
pharyngealised-plain /t°, t/ contrast in Libyan Arabic. Acoustic data was designed with /V#t7/-/\V#t/
sequences, Yielding a hierarchy of prosodic boundary levels: Syllable, Word, Phrase and Intonation
Phrase, and was obtained from six speakers of Libyan Arabic. Results show that voiceless plain /t/ was
aspirated, and produced with progressively lengthened VOTs across stronger prosodic boundaries.
However, unaspirated pharyngealised /t/ was produced with constant VOTs across all prosodic
boundaries. These findings are discussed in contexts of prosodically driven phonetic implementation of
individual segments, and provide evidence for paradigmatic contrast enhancement. Importantly, they
suggest that low-level phonetic phenomena are not merely universal outcomes but are actively controlled
by speakers in a language-specific way, requiring integration into the grammar of individual languages.
Keywords: Voice Onset Time (VOT), Pharyngealised Coronal Stops, Prosodic Strengthening, Contrast
Enhancement, Libyan Arabic, Phonetics-Phonology Interface.
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1. Introduction:

The present study investigates how prosodic boundary strength influences Voice Onset Time (VOT) in
the production of voiceless pharyngealised /t/ and plain /t/ coronal stops in Libyan Arabic. VOT is an
acoustic measure that can be defined as the interval between the release of a stop consonant and the onset
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of voicing. On the acoustic signal, the stop consonant release is defined by a burst, and the onset of voicing
is defined by the beginning of regular periodicity accompanied by visible formants, indicating the start of
voicing (vocal cord vibration). VOT was originally introduced as a diagnostic measure to distinguish
voiced from voiceless stops (Lisker & Abramson, 1964).
There is evidence that (VOT) may vary due to a number of factors. There is a cross-linguistic tendency
that voiceless unaspirated stops with more posterior articulation show longer VOTs (Cho & Ladefoged,
1999). Another factor that can affect VOT interval is vowel quality. For example, Klatt (1975) reported
longer VOTs before high vowels, and Summerfield (1975) demonstrated an interaction between place of
articulation and vowel quality, with longer VOTs in /ki/ than /ka/, and shorter VOTs in /pV/ than /pa/.
Among others, these findings highlight that VOT interval can be influenced by the interactions of multip le
factors rather than a single predictor (Nearey & Rochet, 1994).
Cross-linguistic comparisons have demonstrated variations in VOTs suggesting language-specific
phonetic implementations of stop consonants. For example, it has been shown that the average VOT value
for /t/ is approximately 20-30 ms in Arabic (Al-FAni, 1970), 60—80 ms in American English, and 10-20
ms in Spanish (Lisker & Abramson, 1964). In addition, speaker-specific variation has been observed in
VOT values (Chodroff & Wilson, 2017). Allen et al. (2003) found variability in VOT across speech rates
in American English, while Theodore et al. (2009) reported an inverse relationship between VOT and
speech rate, with slower speech rate yielding longer VOTSs. Importantly, the magnitude of such effect was
speaker-specific, independent of place of articulation.
Evidence from different Arabic dialects shows VOT differences between pharyngealised and plain coronal
stops. There is acoustic evidence from Libyan Arabic (Kriba, 2009), Egyptian Arabic (Rifaat,2003) and
Tunisian Arabic (Ghazeli, 1977) that pharyngealised /t'/ is unaspirated and plain /t/ is aspirated. Thus, it
has been shown that the presence/absence of aspiration robustly contributes to VOT interval duration. For
example, Kriba (2009) reported mean VOT value of 35 ms for aspirated plain /t"/, and 18 ms for non-
aspirated pharyngealised /t'/. Khattab et al. (2006) examined Jordanian Arabic and found higher VOT
values for aspirated plain /th/ than for unaspirated pharyngealised /t'/, despite the fact that both being
specified as [-voice]. Khattab et al. (2006) also reported gender-based differences: female speakers
produced longer VOTs than male speakers (e.g., 39 ms vs. 37 ms for /t/, and 26 ms vs. 18 ms for /t'/,
respectively). Khattab et al. (2006) also reported that pharyngealisation reduced VOT values. Forexample,
when an underlyingly plain /t/ occurred within pharyngealisation scope, it showed shorter VOT value.
Similar results were reported for Lebanese Arabic (Yeni-Komshian et al., 1977) and Qatari Arabic
(Bukshaisha, 1985; Kulikov, 2022). For example, Kulikov (2022: 79) found that mean VOT was 14 ms
for pharyngealised /t/ and 51 ms for plain /t/. Ghazeli (1977) reported data from Tunisian Arabic showing
that the mean value of VOT is 30 ms for the plain /t/ and 15 ms for the pharyngealised /t'/. Ghazeli
attributed this VOT difference to the presence of aspiration in plain /t/ and absence of it in pharyngealised
/t'/. Previous research has pointed to the fact that such VOT differences are due to subtle articulatory
differences in the production of pharyngealised vs plain stops. For example, there is articulatory evidence
from Libyan Arabic showing that the oral place of articulation for pharyngealised /t'/ is characterised with
aslightly retracted tip or blade of the tongue compared to plain /t/ (Laradi, 1983: 326). Khattab et al (2006:
138) attribute lower VOT in the production of pharyngealised /t'/ to:

“that the vocal folds are closer together under medial compression and adductive tension during

the hold phase, allowing less air through, and therefore able to assume approximation in the

glottal midline earlier”.
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Despite the growing body of work on VOT across the different Arabic dialects, Libyan Arabic remains
underexplored, particularly with respect to how prosodic boundary strength may influence VOT in the
production of pharyngealised and plain coronal stops. As will be reviewed below, previous studies have
established that VOT can be modulated by prosodic factors such as boundary strength, yet little is known
about whether prosodic boundary strength modulates VOT in ways that distinguish /t"/-/t/ contrast in
Libyan Arabic. Itis undertaken in the present study to fill this gap, contributing to a more comprehensive
understanding of how the phonetic implementation of the phonological pharyngealised/plain contrast is
modulated by high order prosodic structure under the rubric of speech production and the phonetics-
prosody interface.
2. Background:
In spoken language, speech segments are organized into larger structural units, prosodic domains, which
are hierarchically arranged from the segmental level up through syllable, word, phrase, intonation phrase
and utterance (Shattuck-Hufnagel & Turk, 1996; Cho, 2016, for discussion). A clear example of the
hierarchical organisation of multiple prosodic domains in English can be found in (Ladefoged, 2001, cited
in Cho, 2016: 122):

[When danger threatens, your children call the police].

[When danger threatens your children, call the police].
Two possible prosodic structures can be produced: In the first version — “When danger threatens, your
children call the police” — the prosodic break after threatens sets up a conditional clause [when danger
threatens], followed by a main clause [your children call the police]. The rhythm and intonation here
highlight the children as the agents of the action. In the second version — “When danger threatens your
children, call the police” — the prosodic boundary shifts. Now the subordinate clause is [when danger
threatens your children], and the main clause is [call the police]. This structure makes your children the
object of threatens, and the imperative call the police is directed at the listener.
A robustly attested phenomenon associated with prosodic boundaries is domain-initial strengthening. The
left-edges of these domains—prosodic boundaries—are phonetically differentiated by relatively varying
strengths, with higher-level boundaries exerting stronger effects than lower-level ones (Cho, 2004,
Maiteq, 2013). Phonetically, segments at the left edge (beginning) of a domain are produced with
exaggerated articulatory gestures resulting with salient acoustic properties. Consonants in domain-initial
position (post-boundary locations), for example, often exhibit longer constriction duration and increased
articulatory precision (Cho & Keating, 2009). Crucially, the magnitude of domain-initial strengthening
scales with boundary strength “level”. This means that effects are greater at the beginning of higher
domains such as the intonation phrase than at the beginning of lower domains such as the syllable orword.
Of particular relevance to the present study, one acoustic correlate of domain-initial strengthening is the
lengthening of VOT interval. Cross-linguistic evidence shows that VOT tends to be longer in domain-
initial positions than in domain-medial positions. Cho & Keating (2009), for example, reported that VOT
is longer utterance-initially than utterance-medially. Note that utterance-medial positions are in fact initial
positions in lower-level domains that can be contained inside the utterance level (e.g., Intonational Phrase,
word or syllable), though not at the very beginning of the utterance. Pierrehumbert & Talkin (1992)
investigated VOT at the beginning of an intonation phrase in English, IP-inttially (e.g., /Terry told the
story/) vs in the middle of the intonation phrase, IP-medially (e.g., /She said Terry told the story/). They
found longer VOT in aspirated /t"/ when IP-initially than when IP-medially. Thus, VOT can be taken as a
reliable measure for the level in which domain-initial strengthening occurs.
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A theoretical implication of domain-initial strengthening, and its acoustic cues such as VOT lengthening,
is how it contributes to the enhancement of phonological contrast. Two types of enhancement can be
distinguished. Syntagmatic enhancement occurs when consonants are strengthened and thereby become
more distinct from adjacent vowels. More clearly, consonants become more consonant-like and vowels
become more vowel-like (Cho, 2016). Paradigmatic enhancement, on the other hand, occurs when
phoneme categories (e.g., aspirated vs. unaspirated stops) are made more distinct from each other as a
result of strengthening (Hsu & Jun, 1998; Cho & Jun, 2000; Kim & Cho, 2013; Kim et al., 2017; Kim et
al., 2018). Hsu & Jun (1998) examined the three-way stop contrast between voiced /b/, voiceless
unaspirated /t/, and voiceless aspirated /k"/ in syllable-initial, word-initial, and IP-initial positions. Hsu &
Jun (1998) found constant VOT mterval durations for unaspirated /t/, but variable VOTs for /b/ and /k*/
across boundary levels. They interpreted these findings as evidence that contrastive features of domain-
initial stops are preserved to enhance paradigmatic contrast. More clearly, the phonemic contrast in the
aspirated/unaspirated distinction was maximised by lengthening the VOT value of the aspirated stop
showing cumulative prosodic domain-initial strengthening. By contrast, the voiceless unaspirated stop
showed a constant VOT value in the different boundary levels in order not to sacrifice the phonemic
aspirated/unaspirated contrast. Furthermore, Cho & Jun (2000) investigated VOT in the production of
lenis, fortis and aspirated /t/ in Korean. Their data was designed to test effects of different prosodic
positions (intonation phrase, accentual phrase-initial, accentual phrase-medial = word-initial positions).
Their findings showed that the voiceless aspirated stop /t"/ was produced with longer VOT values in initial
(stronger) prosodic positions as opposed to medial (weaker) prosodic positions, while the fortis /t/ was
produced with shorter VOT values in initial positions when compared to medial position. They interpreted
these findings as showing a dual enhancement effect, aligning with both syntagmatic enhancement
(distinguishing consonants from vowels) and paradigmatic enhancement, distinguishing stop category
contrast.

There is evidence that prosodically driven enhancement of phonological contrast is determined at the level
of the phonetic implementation of segments in a language-specific way (Cho & McQueen, 2005). Such
conclusions were based on evidence for cross-linguistic variations in prosodically modulated VOTs. For
example, (Cho & McQueen, 2005) examined VOT in prosodically stronger locations (stressed, accented
and domain-initial locations) in Dutch. They reported shorter VOTSs in the production of the voiceless stop
/t/ in prosodically stronger locations, as opposed to previously observed longer VOTSs in these positions
in English (Pierrehumbert & Talkin, 1992). (Cho & McQueen, 2005) concluded that the prosodically-
modulated VOTs serve as enhancement of phonological contrast in a language-specific way. Taken
together, these systematic variations motivate the expectation that VOT lengthening functions as a cue to
prosodic boundary strength, and enhances linguistic contrast across languages.

Against these theoretical backdrops, the present study investigates whether VOTs in voiceless
pharyngealised and plain coronal stops vary as a function of prosodic boundary strength in Libyan Arabic.
By situating Libyan Arabic data within the framework of prosodically modulated phonetic effects, the
analysis tests whether domain-initial strengthening—manifested asVOT lengthening—operates similarly
in this variety.
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3. Predictions:

If Libyan Arabic manipulates prosodic boundary strength to enhance paradigmatic contrast within the
plain-pharyngealised stop category, we expect longer VOT values for aspirated stops near stronger
boundaries, with no significant change for unaspirated stops. Increasing the VOT of unaspirated stops
would otherwise reduce the VOT distance between the plain—pharyngealised categories. By contrast, if
prosodic strengthening is driven by syntagmatic enhancement of CV sequences, we predict increased
VOTs in both pharyngealised unaspirated and plain aspirated coronal stops, rendering them more
consonantal and more distinct from the following vowel.

4. Method:

Six Libyan speakers were recruited for the present experiment producing /t¥/-/t/ in four prosodic
conditions. As shown in Table 1, a target-bearing /CV/ syllable was inserted in different carrier sentences
to elicit the required prosodic boundary level: Syllable, Word, Phrase and Intonation Phrase. For the
Syllable condition, the carrier phrase /uktub ............. bas/ ‘write ............. only’ was used. The syllable
boundary condition was constructed by inserting the target coronal voiceless stops in a /CV/ construction
word-medially. In the syllable condition, five pharyngealised/plain minimal pairs were collected (5 x 2
pharyngealised vs plain x 2 repetitions x 6 Speakers = 120). The three higher prosodic boundary levels
(Word, Phrase and Intonation Phrase) were elicited by manipulating different syntactic constructions in
an attempt to obtain the required hierarchy of prosodic boundary strength. More clearly, /CV/ syllables
incorporating the target coronal voiceless stops were embedded in a word-initial noun in different syntactic
constructions (Noun + adjective for the Word condition; Noun + Verb for the Phrase condition; Noun at
the end of a parenthetical for the IP condition, see Table 1. In the three higher boundary conditions, six
pharyngealised/plain minimal pairs were collected (6 x 2 pharyngealised vs plain x 3 prosodic boundary
X 2 repetitions x 6 Speakers = 432). The total number of collected data was 552 (120 syllable condition +
423 higher conditions). Of these 156 were omitted from the analysis because they appeared with negative
VOT values suggesting that speakers produced them with voicing. The total data submitted to the analysis
for the four boundary conditions = 396 data points.

Table 1. Sample carrier sentences with the target pharyngealised vs plain coronal stops. The target-
bearing words/syllables are marked in bold and underlined.

Intonation phrase boundary [IP # IP]

hasba kala:m il-rababa, t'alaal faf il-bint/ ‘according to the Rababa, Talaal saw the girl’
hasb kala:m il-rababa, taamir faf il-bint/ ‘according to the Rababa, taamir saw the girl’
Phrase boundary [ [N] ] ne # [ V] v

/ibn €am raba:ba # t'a:r/ ‘the cousin of Rababa (proper name) flew’

/ibn €am raba:ba # ta:b/ ‘the cousin of Rababa (proper name) repented’

Word boundary [ [N]n # [A] a]lne

/min faf raba:ba # t*ajba bas/ ‘who saw repentant Rababa (proper name) only’

/ min faf raba:ba # tajba bas/ ‘who saw repented Rababa (proper name) only’

Syllable boundary /CV.CV/ sequences inside the word

[iktib mat‘a:bif bas/ ‘write it is not cooked only’

/ iktib mata:bif bas/ ‘write he did not repent only’

399



JSRAS Journal of Sustainable Research in Applied Sciences Vol: 1 (2026) 395-408

Acoustic measurements were carried out using PRAAT software for speech analysis (Boersma &
Weenink, 2026), with the following settings: for (spectrogram) analysis window length 5 ms, dynamic
range 70 db; (for formant) maximum formant 5500 Hz suitable for all male speakers, number of formants
5, analysis window length 25 ms, dynamic range 40 db, and pre-emphasis from 50 Hz, using the Burg
algorithm. As shown in Figure 1, segmentation criteria were based on identifying constriction onsets and
releases as outlined in Turk et al (2006). The VOT values at the specified target stop intervals were
obtained by using a Praat script employed by Kang & Whalen and can be accessed via
“https//qithub.com/HaskinsLabs/get vot ” (see Abramson & Whalen, 2017).

VoT

1.148 151
Time (s)

Figure 1. A fragment from the phrase /dababa # tajha/ ‘a lost tank” showing the VOT interval extending
from the burst release of the stop to the first regular glottal pulse.

The data were submitted to linear mixed effects modelling using the R open-source language and
environment for statistical computing (R Development Core Team, 2026). A series of Linear Mixed
Effects models were constructed using the Lme4 package (Bates et al. 2015). The dependent variable was
VOT measured in ms. There were two independent fixed variables. One was boundary type: Word, Phrase
and IP - assigning the Syllable boundary condition as a reference level. The other was Pharyngealised vs
Plain contexts. P-values for fixed effects were obtained using the LmerTest package (Kuznetsova,
Brockhoff & Christensen, 2017). Plotting and visualization of the data were carried out using the ggplot2
package (Wickham 2016). Coefficient adjustments were computed as recommended in (Winter, 2020).

5. Results:

In order to investigate if prosodic boundary level drives VOT differences, Figure 2 presents a visualisation
of all VOT data points in the present experiment. Figure 2 suggests greater VOT values for the aspirated
plain /th/ across higher prosodic boundaries. However, unaspirated pharyngealised /t'/ VOT values appear
constant in the four prosodic boundary conditions.
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Figure 2. VOT values in plain /t/ and pharyngealised /t'/ in the four boundary conditions.

In order to statistically examine the pattern in Figure 2, four linear mixed effects models were
constructed, see Table 2.
Table 2. List of constructed linear mixed effects models. Note that (Plainemph) is the name for the
Plain/pharyngealised variable.

modela <- Imer(VOT ~ Boundary + (1| Speaker)

model.b <- Imer(VOT ~ Boundary + Plain/pharyngealised + (1| Speaker)

model.c <-Imer(VOT ~ Boundary + Boundary * Plain/pharyngealised + (1 | Speaker)

model.d <- Imer(VOT ~ Boundary + Boundary * Plain/pharyngealised + (1 | Speaker) + (1 | Word)

Model comparison was carried out by the “anova ()” R function in the Lme4-package (Bates etal. 2015).
Model comparison in Table 3 shows that the inclusion of by-Word random intercept is not significant, and
therefore not justified. The maximal model that converged and that will be reported (see Table 4) is
[model.b] (p =0.001) with the following formula:

(VOT ~ Boundary + Plain/pharyngealised + (1 | Speaker)

Table 3. Results of anova model comparison.

anova (model.a, model.k, model.c, model.d)
Data: data

Models:

model.a: VOT ~ Boundary + (1 | Speaker)

model . b: VOT ~ Boundary + Plainemph 4+ (1 | Speaker)

model.c: VOT ~ Boundary + Boundary * Plainemph + (1 | Speaker)

model.d: VOT ~ Boundary + Boundary * Plainemph + (1 | Speaker) + (1 | Word)
npar LTC BIC logLik -2%logi(L) Chisg Df Pr (>Chisdg)

model . a & 2812.4 2836.3 —-1400.2 2800.4

model . b T 26l1l3.1 2Z2640.% —-1299.5 25991 201.3780 1 < 2.2e—-1lg =*=%

model .o 10 2603.0 2642.8 -1291.5 2583.0 16.0431 3 0.001111 *=*

model.d 11 2602.9 2646.7 —-1290.5 2580.59 2.115% 1 0.145776

401




JSRAS Journal of Sustainable Research in Applied Sciences Vol: 1 (2026) 395-408

Table 4. Results of Linear mixed effects model constructed with the following formula: Vot ~ Boundary
+ Plain/Pharyngealised + (1 | Speaker).

summary (model.k)
Linear mixed model fit by maximum likelihood . t-tests use Satterthwaite's
method [lmerModLmerTest]
Formula: VOT ~ Boundary + Plainemph + (1 | Speaker)
Data: data

Control: lmerControl (optimizer = "bobyga™)
RIC BIC logLik -2%log(L) df.resid
2613.1 2640.9 -1285.5 2589.1 380

Scaled residuals:
Min 10 Median 30 Max
-2.8234 -0.5575% -0.188 0.5659%1 5L5.5174

Eandom effects:

Groups Hame Variance S5td.Devw.
Speaker (Intercept) 4.41 2.100
Residual 40.15 g.335

Humber of oks: 3%6, groups: Speaker, &

Fixed effects:

Ezstimate 5td. Error df £t walue Pr{(>|t])
(Intercept) 16.5077 1.1725 16.263% 14.079% 1.57e-10 #%%
Woxd 3.3748 0.9487 390.3559 3.557 0.000421 *%%
Phrase 3.5504 0.59545 3590.55597 3.760 0.000159g **%
IP 2.1e54 0.9487 390.3565 2.287 0.022746 *
Pharyngealised -10.3867 0.635%6 390.2802 -16.239 <« 2e-lg **®%

The model output in Table 4 presents the first fixed predictor factor- Boundary with four levels (Word,
Phrase and IP, with the syllable condition as the reference level). The second predictor factor in the model
is Plainemph (plain vs pharyngealised, with the plain condition as the reference level). This means that
the reference level in the model is VOT value in the Syllable condition when it is plain. The model,
therefore, compares the other boundary conditions against that reference level (plain syllables). A negative
coefficient means a decrement of the value of the reference level, and a positive coefficient is an increment
of the value of the reference level. By-hand computations of coefficient adjustments are presented in Table
5, as outlined in Winter (2020). This explicit stepwise approach clarifies how prosodic condition effects
are adjusted relative to the reference level, and contributes to greater transparency in the interpretation of
categorical predictors.
Table 5. By-hand computation of coefficient adjustments in the linear mixed effects model of VOT:

[VOT ~ Boundary + Plain/Pharyngealised], following Winter (2020). Predicted VOT values are marked

in bold.
Prosodic Condition | Plain Prediction Effect Added Pharyngealised
Syllable (reference) 16.51 --- 16.51-10.39=6.12
Word 16.51 + 3.37 = 19.88 +3.37 19.88 — 10.39 = 9.49
Phrase 16.51 + 3.59 = 20.10 +3.59 20.10-10.39=9.71
1P 16.51 + 2.17 = 18.68 +2.17 18.68 —10.39 = 8.29
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Results in Table 4 and Table 5 show that the intercept (referring to the Syllable boundary condition when
it is plain is significant (p = 0.001), and shows that the smallest VOT value is 16.51 ms occurring in the
plain Syllable condition. The Word coefficient (plain word condition) shows a significant upward
adjustment of VOT by 3.37 ms (16.51 + 3.37 = 19.88 ms; p = 0.001). The Phrase coefficient (plain phrase
condition) shows a significant upward adjustment by 3.5 ms (16.51 + 3.59 =20.10 ms; p =0.001). The IP
coefficient (plain 1P condition) shows a tendency towards significance as the coefficient is slightly
adjusted upward by 2.17 ms (16.5 + 2.17 = 18.68 ms; p = 0.05).
The effect of pharyngealisation was substantial and highly significant (estimate = —10.39 ms, p < .001).
As shown in Table 5, the coefficient for the Pharyngealised level was —10.39 (Estimate of reference level
= 16.51, predicted Pharyngealised VOT in the syllable condition (16.62 — 10 = 6.12 ms, p = .001). For
pharyngealised Word condition VOT value was 9.49 ms (19.88 — 10.39 = 9.49), for the phrase was 9.71
ms (20.10 — 10.39 =9.71) and for the IP was 8.29 ms (18.68 — 10.39 = 8.29). As shown in Table 3, the
by-Boundary by-plain/pharyngealised interaction in [model.c] was justified by the anova test (¥*(3) =
16.04, p = 0.01). Taken together, these findings are consistent with previous studies that the plain /t"/ is
aspirated and the pharyngealised /t'/ is not aspirated. These results indicate that the duration of VOT is
determined by whether the stop consonant is plain or pharyngealised, and by whether it is located in higher
vs lower boundary level. Thus, it becomes clear that in higher prosodic boundary conditions, VOTSs for
aspirated plain /t"/ increased by approximately 10 ms relative to their pharyngealised /t/.
As can be seen in Table 3 and Figure 4, the random intercept term in the model (1 | Speaker) allows each
speaker to have their own baseline outcome of VOT value, regardless of how each speaker responded to
the predictor factors, i.e., Pharyngealised/plain, and Boundary. Thus, the fixed intercept is a representation
of the grand mean outcome across all speakers, while the random intercepts capture how each speaker
deviates from that grand mean. The standard deviation is a key measure to determine how speakers’
intercepts vary from the grand mean. The variance associated with by-speaker random intercept is 4.41
(SD =2.10). Given that the grand mean is 13.8 ms (rounded to 14 ms), the 2.10 standard deviation from
that grand mean can intuitively be considered as little variability. Figure 3 presents individual speakers’
VOT values, suggesting that the general pattern shown in table 4 holds for all speakers.

VOT in Prosodic conditions

KR

%ﬂ.ﬂmﬂﬂ bl ﬂﬂﬂ.ﬂ

Wil ol il

SyIIabIe Word Phrase Syllable Word Phrase Syllable Word Phrase
Boundary

Category

Pharyngealised
Plain

Mean VOT

Figure 3. VOT values in plain /t/ and pharyngealised /t‘/ in the four boundary conditions for each
speaker.
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Generally, despite some by-speaker variability, the results presented in the present paper demonstrate that
plain /t/ is aspirated and pharyngealised /t/ is unaspirated. These findings also show that VOT value of
the aspirated plain voiceless coronal stop /t"/ is predictable by prosodic boundary strength. Thus, VOT
value for aspirated plain /t/ was progressively lengthened in higher prosodic conditions, consistent with
previous research on different languages.

6. Discussion:

Results in the present paper have shown longer VOT value in aspirated plain /t" than in unaspirated
pharyngealised /t'/. These findings are consistent with previous data reported from different Arabic
dialects: Libyan Arabic (e.g. Kriba, 2009), Jordanian Arabic (e.g., Khattab et al., 2006; Al-Tamimi &
Heselwood, 2011), Qatari Arabic (e.g., Kulikov et al., 2020; Bukshaisha, 1985), Lebanese Arabic (e.g.,
Yeni-Komshian et al., 1977).

We have shown that Libyan Arabic exhibits prosodic boundary strengthening which is phonetically
signalled as a progressive increase in VOTs for plain aspirated /t"/, and functions as a mechanism of
paradigmatic contrast enhancement. Thus, these findings demonstrated that prosodic strengthening in
Libyan Arabic enhances the aspirated plain vs unaspirated-pharyngealised contrast by expanding VOT for
the plain aspirated stop /th/ across stronger prosodic boundaries, while preserving constant VOTSs for the
pharyngealised unaspirated stop /t‘/. The prosodically-modulated VOT values, therefore, made a wide
VOT distance between the pharyngealised-plain contrast.

The present findings align with a well-established metric in prosodic strengthening research (Hsu & Jun,
1998; Pierrehnumbert & Talkin, 1992; Cho & Keating 2001; 2009; Kim et al., 2017). Cross-linguistic data
show asymmetries in prosodically driven modulations of VOT. For example, there is evidence that
prosodically strengthened positions contribute to longer VOTs in English (Pierrehumbert & Talkin, 1992),
but shorter VOTSs value in Dutch (Cho & McQueen, 2005). Taken together with the present findings, such
cross-linguistic variability in prosodically-modulated VOTs implies that the phonetic implementation of
linguistic contrast is not a universal “mechanical” phonetic process but is controlled by speakers in a
language-specific way.

The systematic relationship between prosodic structure and the phonetic implementation extends beyond
VOT to other phenomena such as coarticulation/feature spreading (Cohn, 1990; Kainada, 2009; Maiteq,
2013; Cho, 2004; Kim et al., 2017), duration, and intonation (Wightman et al., 1992). For example, Maiteq
(2013) reported that anticipatory pharyngealisation magnitude is gradient across higher prosodic
boundaries but categorical within the word, underscoring the role of prosodic boundary strength in shaping
phonetic realisations of individual segments. Taken together, these findings demonstrate that low-level
phonetic implementations are systematically shaped by high-level prosodic structure, reinforcing models
of speech production that posit distinct phonological and phonetic planning components, such as
Articulatory Phonology (Browman & Goldstein, 1992), prosodic boundary strengthening frameworks
(Cho, 2016), and Shattuck-Hufnagel & Turk (2020).

7. Conclusion:
Generally, the present study has shown that aspirated plan /t"/ has longer VOT than unaspirated

pharyngealised /t"/ in Libyan Arabic. VOT of plain aspirated /t"/ progressively increases as a function of
prosodic boundary strength. In contrast, VOTSs in pharyngealised unaspirated /t°/ remains constant across
different boundary strengths. These findings demonstrate that prosodically modulated VOT functions as
a mechanism of paradigmatic contrast enhancement in the plain-pharyngealised coronal stop category in
Libyan Arabic. In addition, they indicate that high-level prosodic structure is reflected in low-level
phonetic realisations. Consequently, low-level phonetic phenomena are not merely the outcome of
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universal principles but are actively controlled by speakers in language-specific ways, and therefore must
be integrated into the grammar of individual languages.

Future research could extend this examination of VOT beyond boundary strength to other prosodic factors.
Investigating how VOT interacts with lexical stress, pitch accent, or prominence would provide a fuller
picture of how prosodic organisation shapes the phonetic implementation of contrast. Such work would
not only deepen our understanding of Arabic phonetics but also contribute to broader cross-linguistic
debates on the phonetics-prosody interface.
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